The Asian region has long been home to some of the world's most dynamic trading economies. The last decade has proved no exception to that rule, with China and India achieving historically unparalleled trade growth. This growth brings prosperity but also a series of challenges for both private and public sectors. Chief among these challenges is building and maintaining a trade infrastructure adequate to the new trading environment.
Introduction
The Asian region has long been home to some of the world's most dynamic trading economies. The last decade has proved no exception to that rule, with China and India achieving historically unparalleled trade growth. This growth brings prosperity but also a series of challenges for both private and public sectors. Chief among these challenges is building and maintaining a trade infrastructure adequate to the new trading environment.
The purpose of this chapter is to examine the evolution of merchandise trade in Asia with a focus on how this evolution affects infrastructure needs. The starting point is an analysis of rapid growth in aggregate volumes of trade, its geographic orientation and growing cargo imbalances. The extent of trade growth carries obvious implications for infrastructure demand, as more trade requires improved infrastructural development to keep pace.
However, aggregate changes are reasonably well understood and so the primary focus of this chapter is change in the composition of Asian trade. A traditional approach to thinking about composition is to disaggregate trade by product categories, for example, manufacturing versus agriculture and mining. Instead, I focus on four types of compositional change each of which affects the type and intensity of transportation services demanded. These include: changes in the weight to value ratio of trade; growth in air shipping and the demand for timeliness; growth in new flows and large versus small shipments; and growth in fragmentation / vertical specialization.
Aggregate Trade: Growth and Orientation
Aggregate trade volumes are growing rapidly in Asia. Table 1 reports In this period China and India stand out prominently. Chinese exports (imports) grew at 15.4 (15.2) percent per year, while Indian exports (imports) grew at 10.4 (13.6) percent per year. The result was that in 10 years Indian trade tripled, and Chinese trade quadrupled -with China becoming the most prolific trader in Asia. The remaining countries also experienced trade growth, but at rates comparable to or less than the worldwide average in this period of 4.9 percent per year Also noteworthy is the fact that many countries have merchandise trade imbalances that are large relative to flows: China has a merchandise surplus equal to 15.6 percent of imports; India has a merchandise deficit of 45.4 percent of exports.
Typically trade balances are thought to be a subject of concern only isofar as they reflect problems with currency valuation or with domestic savings and investment rates. But they also matter for infrastructure and transport planning purposes. Transportation expenses are minimized when ships and planes run at full capacity in both directions. A country that runs a large trade surplus in dollar terms typically also runs a trade surplus in full relative to empty containers and this drives up shipping costs.
With whom are the Asian countries trading? Table 2 reports the shares in 2005 of each major geographic region (Asia, North America, Europe, Other) as an export destination or import source for each listed country. Asia is the dominant origin and destination point for all listed countries except India and the Kyrgyz Republic.
Further, within Asia trade is growing in importance for most countries. Recalling the spectacular growth in both imports and exports for China reported in Table 1 , the changing geographic composition of China's trade paints a clear picture.
The rest of Asia exports inputs (parts and components, capital machinery, raw materials) to China, which combines these inputs into final goods for sale in the rest of the world.
This raises the following question: but for China, what would trade performance look like in the rest of Asia? The first column of Table 3 reports the share of China in exports for each country in 2005. China as a destination represents less than 10 percent of exports for the emerging markets, but much higher percentages for the developed economies -13.4 percent for Japan, just under 22 percent for Korea and Taiwan, and 44 percent of Hong Kong's exports. Exports to China grew very rapidly, with rates as high as 65 percent per year for Taiwan. Even the modest 6.6 per annum growth for Hong Kong represents a very large dollar growth given that its exports to China started from a very high base in 1995.
One way to measure the China effect is to conduct a thought experiment.
Suppose a particular exporter experienced no growth in exports to China but all other flows stayed the same. By how much would their aggregate export growth be reduced?
To show this the last two columns of Table 3 report annualized growth in exports to the World and to the World less China. For the emerging markets (top half of the table) and Singapore, exports to China are growing fast but still represent a fairly small share of aggregate exports. The consequence is that eliminating China from the aggregate growth totals has a small effect -typically lowering export growth by less than one percentage point a year. For the remaining countries China is a major export destination, and so after netting growth in exports to China off of their overall trade growth, we see Hong Kong's and Taiwan's exports growing at anemic 1.3 and 0.4 percent per year, and Japan's export growth actually going negative.
Trade of course requires two partner countries and infrastructure problems on either end can be costly to both parties. Put another way, the importance of the Asian region as an origin/destination of trade for these countries indicates an important interdependency. As China's trade grows rapidly and suffers inevitable congestion effects it becomes a problem not just for China and Chinese firms but for all other Asian nations that have come to rely on China as a trading partner.
The weight to value ratio of trade
Transportation specialists are accustomed to thinking of transportation costs in per unit terms, the cost of transportation services necessary to move grain a ton-km or to move one TEU container from Los Angeles to Hong Kong. International trade specialists who pay attention to shipping costs as an impediment to trade are accustomed to thinking of these costs in ad-valorem terms, the cost of transportation services necessary to move a dollar of grain or microchips between two points. The distinction is important because even if the cost of moving one TEU container remains constant over time the ad-valorem cost and the implied impediment to trade will change as the contents of the container grow more valuable.
To see this, suppose we sell one kilogram of a good at a price per kg of p, and pay shipping costs f per kg shipped. Note that the price per kilogram, p, is just the value/weight ratio, that is, the inverse of the weight/value ratio. If the shipping price per kg f is independent of the goods price per kg, the ratio of destination to origin prices is
If the container holds scrap metal, p is low (weight/value is high), and the ratio p*/p is high. That is, shipping charges drive a large wedge between the prices at the origin and destination. If the container holds micro chips, p is very high (weight/value is very low), the ratio p*/p is close to 1, and shipping charges drive only a small wedge between prices at the origin and destination.
Of course, the shipping charge f may be increasing in the value of the container's content because higher value goods require more careful handling and a larger insurance premium. We can then write the per kg shipping charge as f p X This of course assumes that a dollar of some particular product, say, wooden furniture, weighs the same when shipped to the US as when shipped to other destinations, so that variation across countries and over time is driven by differences in the trade shares of heavy and light products.
We report time series on weight/value measured in kg per constant year (2000) US dollars for each country's imports (solid line) and exports (dashed line) in Figure 1 .
Several patterns are notable. One, a dollar of exports weighs far less for the developed market economies (Japan, Korea, Taiwan, Hong Kong, Singapore) than for the emerging market economies. Indonesia is a notable outlier in the weight of its exports, which are almost 40 times heavier per dollar than those of Singapore or Japan. Two, most of these Asian economies (with the exception of Malaysia and Indonesia) are net importers of weight, that is, their import bundles weigh far more than do their export bundles. Three, the picture of China's trade that emerged in the aggregate flows is reinforced here.
China's imports are getting heavier and exports are getting lighter as China imports raw materials, transforms them, and shifts increasingly to high value exports.
Two final points about weight/value are worth emphasizing. First, the falling weight/value ratio for Chinese exports may play an important role in its export expansion. Equation (1.2) indicates that shipping costs are a function of weight/value and other factors X such as port quality and geography. China faces cost disadvantages due to geography when shipping into the US and European markets. However, by upgrading product quality and producing goods with lower weight/value China has been able to minimize the impact of these other disadvantages.
Second, changes in the weight/value ratio of trade have implications for how goods are shipped and for changes in competitive advantage in world trade markets. Reductions in weight/value make it easier to shift from ocean to air shipping because it reduces the ad-valorem price differential between the two modes. Consider this example. I want to import a $16 bottle of wine from France. Air shipping costs of $8 are twice ocean shipping costs of $4. Going from ocean to air increases the delivered cost by $4 or 25 percent. Now suppose my tastes improve and I want to import a $160 bottle of wine from France so that the weight/value ratio of the product has dropped sharply. The shipping costs are the same, but now the $4 cost to upgrade to air shipping represents just a 2.5 percent increase in the delivered price. The consumer is much more likely to use the more expensive shipping option when the effect on delivered price is smaller.
The broad point for transportation planning is that final consumers are sensitive to changes in the delivered price, not to changes in the transportation price. If the cost of transportation substantially affects the delivered price, as in the first example, modal choice will be driven by cost considerations. But if the transportation price is but a small fraction of the delivered price, it will likely be trumped by other factors such as timeliness or reliability. It should be noted that the same lesson is true of all cost differentials related to transportation Port A may charge handling fees per container that are twice the handling fees for Port B, but unless these differences substantially impact delivered prices of products they will have minimal impacts on the derived demand for transportation.
Air Shipping and the Demands for Timeliness
As Hummels (2007) Despite this very rapid growth in air cargo measured in terms of cargo weight shipped, the vast majority of trade by weight takes place via ocean cargo. To measure the importance of air cargos in value terms we must rely on US imports data. Indonesia (14 percent) and the Kyrgyz Republic (12.9 percent) at the low end up to a remarkably high share of trade for Malaysia (71.6 percent) and Singapore (79 percent).
These differences closely reflect differences in the weight/value of the export bundles for each exporter, as well as the importance of electronics. Air shipping has slightly declined in importance since 1995 for the developed market economies, but has significantly increased for both China and Malaysia.
What is driving the rapid growth in Asian air cargo? As argued above, declining weight/value ratios play a large role, as do the steep declines in the price of air cargo documented in Hummels (2007) . In addition, four factors seem especially important:
rising incomes, vertical specialization/fragmentation, testing new markets, and trade between geographically remote locations.
High income households buy higher quality goods and higher income countries import higher quality goods. 2 . Rising incomes affect demand for air transport in three ways. One, higher quality goods have higher prices and therefore a lower ad-valorem transportation cost for reasons just discussed. Two, as consumers grow richer, so does their willingness to pay for precise product characteristics. 3 That in turn puts pressure on manufactures to produce to those specifications, and be rapidly adaptable. Three, delivery speed is itself an important characteristic of product quality, and will be in greater demand as income grows.
Two, a hallmark of recent trade growth is the importance of the fragmentation of international production processes, also known as vertical specialization. Unit cost advantages for ocean shipping are greatest when the goods have low value/weight ratios, when market demand is certain and when the scale of trade is large.
In the next section I show that much of the growth in Asian trade is along the extensive margin, meaning that nations are growing their exports by shipping new goods to new markets, not by increasing the quantities sold of existing exports. What are the characteristics of these new markets? Most firms begin producing only for a local market, slowly expand sales within their own country, and some small fraction of these gradually expand sales abroad. Of these who go abroad, they initially look to neighboring countries. Because of this process, new and unexploited markets tend to be further away. When serving these distant markets, firms face tremendous uncertainty about demand, quantities sold are likely to be very low initially, and most trading relationships fail in a few years. All of these characteristics, initially small quantities of uncertain demand in distant markets, are precisely the characteristics that make air shipping particularly attractive. This suggests that airplanes may be an especially effective tool for firms wishing to test new markets.
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Four, geographic remoteness of two kinds can be overcome by using airplanes.
Ocean port cities act as entrepots for interior regions of their own countries. These entrepot cities can be a bottleneck choking off trade, especially for geographically large countries with economically important interior regions. This becomes more pronounced in cases where ports vie for land and coastal access that retains significant value for housing and public amenities. Trucks arriving at and departing these facilities also compete with other users of roadways, leading to major highway congestion and significant pollution effects. Air cargo that overflies congested ports can be an effective way to reach remote interior regions. This can be seen clearly in US data, where the share of coastal facilities is shrinking in favor of direct transport into the US interior.
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Airplanes are also relatively more useful at reaching distant foreign markets.
Suppose I am trying to decide between air and ocean shipping in reach two foreign markets, the first proximate to and the second distant from my exporter. How does the distance affect my calculation of the appropriate mode to use? Exporters consider two costs, both rising in distance. The first is the direct cost of transport, and the second is the time cost.
Time costs are unimportant for some goods, and in these cases exporters can focus more narrowly on direct transport cost considerations. In most instances, direct cost considerations will favor ocean transport whether the foreign destination is distant or proximate. For some goods time costs are important, and more subtle calculation is required. For the nearby export destination, direct costs favor ocean shipment, and the time difference between ocean and air is small enough that time costs can be ignored in the calculation. For the distant export destination, however, the time difference between ocean and air can loom large indeed. In short, the further away the market, the greater the time advantages provided by air shipping.
More generally we can calculate the importance of timeliness by combining estimates of the time value of trade by product with data on trade shares. Hummels and 6 Haveman and Hummels (2004) Schaur (2007) estimate the value of time saving using US imports data that report the price and quantity of air shipping relative to ocean shipping as well as time delays associated with ocean shipping. The idea is that a firms' willingness to pay for more expensive air shipping is increasing in the number of days saved with airplanes, and decreasing in the premium paid to air ship. The sensitivity of air shipment to these factors can then be used to calculate a per day valuation for time savings that is product specific. Call this per day valuation for an HS 4 product k, k τ . As with the weight / value ratio we can then calculate the aggregate time sensitivity of a country's trade bundle by multiplying the product specific time cost by the share of that product k in the trade bundle.
The last two columns of Table 4 This is useful because we can then assess the percentage contribution of each component to the total change. Table 5 provides such a decomposition separately for imports and exports of each country. For simplicity we report only the log change in each variable.
For example, using the values from Table 1 What do we learn from this exercise? For most of these countries we have export expansion occurring in two very different ways -there are large and existing flows that are the principal drivers of aggregate trade growth, but there are also a very large number of new entrants that, to date, do not yet represent a large fraction of overall trade. This distinction matters for several reasons. One, the infrastructure needs of small and medium size firms may be considerably different than those of large firms. They typically lack the internal capacity for facilitating trade and must work through trade intermediaries to gather information about foreign market opportunities, and to handle trade finance, transportation and distribution functions. Two, small firms face higher shipment costs because they are unable to negotiate bulk discounts. Three, if we take the fixed v. marginal cost view of trade costs, these new flows associated with small and medium size firms are highly tenuous. Small increases in trade costs could kill off many exporting firms quickly. Now, one could view this as a minor concern -these flows are small and their loss could be absorbed with little impact on aggregate numbers -but this ignores the dynamic nature of new flows. Prusa (2003,2004) use survival analysis to show that new trade flows suffer high failure rates, but those that do survive go on to ever-larger trade shares. That is, today's success story was yesterday's fragile newborn.
Fragmentation and vertical specialization
Rather than producing final goods in their entirety, countries are increasingly specializing in stages of production. This is true to a much greater degree in Asia than in any other region of the world and is largely responsible for the large fraction of intraAsian flows shown above. Fragmentation puts a much larger strain on transport and trade infrastructure than other types of production arrangements. Because products engage in "round tripping" the impact of higher transportation expenditures are multiplied by the number of times a component in shipped. Further, timeliness in delivery and information tracking matters to a greater extent as entire factories can be shuttered by the absence of key components.
How important is this phenomenon in Asian trade? One way to measure the fragmentation process is to look at the share of trade that occurs in goods labeled "parts and components". This approach has been widely employed and is useful, but it also leaves out intermediate goods (e.g. chemicals) that do not contain the "parts and components" label. An alternative approach introduced in Hummels, Ishii and Yi (2001) is to employ input-output tables that track use of imported intermediate inputs. One can measure the contribution of imported inputs into gross output and the portion of gross output that is exported. This provides us with the value of goods that are traded twiceonce as an imported input, and again embodied in an exported final good.
Uchida ( Table 6 . Consider China, for example. Roughly 9.5 percent of China's exports in 2000 consisted of imported inputs, up from 2.2 in 1980. The importance of vertical specialization is greatest for Malaysia, Philippines, Singapore, Taiwan and Thailand, whose exports include from 26 to 37 percent foreign content. The numbers are smaller for Japan, Indonesia, and the US because these countries engage in one but not both sides of vertical specialization. Indonesia provides inputs in large quantities but engages in less processing. Japan and the US import inputs in large quantities, but do not combine these with domestic value added to export goods.
Conclusion
It is well known that Asian trade has grown very rapidly in the past decade and this growth has put infrastructure under considerable strain. The point of this paper has been to highlight the particular nature of that trade growth, its changing composition, and the particular demands compositional change places on infrastructure. The key points are these: trade is growing and growing lighter; exports are expanding primarily by reaching new markets with smaller flows; and fragmented production networks are becoming the norm. All of these changes put a premium on speed, on flexibility, and on information.
Infrastructure improvements targeted on these points will be more likely to pay off in the form of increasingly efficient integration into the global economy. 
